Objectives-In ultrasound (US) examinations of clinically relevant very small structures of the wrist and hand, the healthy contralateral side can be used as a reference to identify subtle abnormalities. Intraindividual side-to-side variability must be minimal. The aim of this study was to assess the reliability of side-to-side US evaluations of very small structures of the wrist and hand.
U ltrasound (US) imaging of the musculoskeletal system has proven to be an effective diagnostic tool for a variety of conditions concerning the evaluation of small clinically relevant structures of the wrist and hand. Indeed, US is a highly dynamic imaging technique that allows a real-time and accurate evaluation of tendons, joints, nerves, and vessels of the wrist and hand. 1, 2 According to the guidelines of the European Society of Musculoskeletal Radiology, US is a first-choice technique in the diagnosis of wrist and hand pathologic conditions. 3, 4 In addition, US of the wrist and hand is one of the most commonly performed evaluations in patients with rheumatologic diseases, such as crystal arthropathy, inflammatory and degenerative conditions, vasculitis, and regional pain syndromes. 5 Indeed, US has rapidly gained approval as a first-line modality even for the European League Against Rheumatism, which in 2017 developed a practical framework on standardized procedures for musculoskeletal US in rheumatology. 6 In daily clinical practice, US allows a quick comparison with the normal contralateral side, which is used often as a reference that helps in the identification of subtle abnormalities. If the contralateral side is used as an internal control, relatively low intraindividual side-toside variability is supposed to be present. 7, 8 However, we are not aware of any published data regarding side-toside comparisons of small (<2-mm) clinically relevant musculoskeletal structures of the wrist and hand. Therefore, this resent study was designed to assess intra-and inter-reader agreement of musculoskeletal US in comparative side-to-side evaluations of small clinically relevant structures of the wrist and hand.
Materials and Methods

Study Population
Our prospective study was approved by the local Ethics Committee (numbers 411REG2016 and 439REG2016). All participants provided written informed consent. From August 2017 to January 2018, a total of 41consecutive healthy volunteers were recruited. Inclusion criteria were age older than 18 years and the ability to give an informed consent. Exclusion criteria were known symptomatic musculoskeletal or metabolic diseases affecting wrist and hand tissues and a history of wrist and hand surgery or major trauma.
Ultrasound Technique
Ultrasound examinations were performed bilaterally with 2 different commercially available systems equipped with high-frequency transducers for assessments of superficial small structures: RS80A Prestige (Samsung Medical, Seoul, Korea) with a 13-MHz transducer and LOGIQ S7 (GE Healthcare, Milwaukee, WI) with a 15-6-MHz transducer probe. During scanning, patients were seated in front of the examiner with the arm and the hand resting on the examination table in an extended position and placed first in a prone position and then in a supine position. The arm was positioned comfortably on the table, and a generous amount of transmission gel was used to minimize the pressure of the transducer on the skin and to obtain a satisfactory scan.
According to the literature and clinical expertise of the authors, a selection of small clinically relevant musculoskeletal structures of the wrist and hand was made, and a standardized protocol was determined to ensure a systematic approach (Table 1) Palmar cutaneous branch of the ulnar nerveaxial plane, where the palmar cutaneous branch originates from the lateral side of the ulnar nerve at the level of the mid forearm 16, 17 ; and Palmar cutaneous branch of the median nerveaxial plane, where the palmar cutaneous branch of the median nerve reaches the flexor carpi radialis tendon ( Figure 5 ) 18, 19 ; To better distinguish these very small structures, dynamic scanning was performed. Once detected, one Hyperechoic and fibrillar appearance on its volar portion, more hypoechoic near the bone on both sides of the flexor tendon because of anisotropy.
Trigger finger.
A1 pulley (thumb)
Complex set of focally thickened, transversely oriented retinacular sheaths.
It is intimately associated with the sesamoid bones.
Keeps the flexor pollicis longus tendon closely opposed to the underlying phalange, preventing tendon bow stringing.
Hyperechoic and fibrillar appearance on its volar portion, more hypoechoic near the bone on both sides of the flexor tendon because of anisotropy.
Extensor retinaculum
Strong fibrous fusiform-shaped band that passes obliquely across the dorsum of the wrist (from the triquetrum and pisiform bones to the anterior border of the distal radius). It is contiguous with the deep fascia of the posterior forearm.
Preventing bow stringing of the extensor tendons.
Compact fibrillar echo texture, cordlike shape, with heterogeneous echogenicity.
Pain after repetitive microtrauma (wrist dorsiflexion), fracture malunion, rheumatoid arthritis.
Flexor retinaculum
Rectangular bridge over the carpal tunnel, from the pisiform and hook of the hamate (medially) to the scaphoid tubercle and trapezium (laterally).
Stabilizes the structures of the carpal tunnel. by one, all structures were kept in the center of the field of view of the US image. To avoid anisotropy, special attention was required to transducer angulation. The measurements were performed on the dominant and nondominant wrists and hands. For ligamentous and tendinous structures, the anteroposterior thickness was assessed; instead, for the nerves, a measurement of the axial diameter was done, also including the thin hyperechoic epineurium. During different sessions, US examinations and all measurements were conducted independently and blindly by 2 radiologists (F.R. and N.R.) who subspecialized in diagnostic musculoskeletal sonography, with more than 4 and 5 years of US imaging experience. The US images were retrospectively analyzed by a senior radiologist (A.T.), with more than 10 years of musculoskeletal imaging experience, with strong track record of musculoskeletal US research and European Society of Musculoskeletal Radiology Diploma. Interim results were blinded. To assess intra-reader agreement, 4 weeks after the first evaluation, n 5 10/41 (24%) patients were assessed again by the same 2 musculoskeletal radiologists. To guarantee that all data were blinded and organized properly, a database was created by the third radiologist (A.T.), who did not perform the US examinations.
Statistical Analysis
A statistical analysis was done with MedCalc version 11.4 software (MedCalc Software, Mariakerke, Belgium) to evaluate intra-and inter-reader reliability between side-to-side comparisons. To test the null hypothesis that the measures came from a normal distribution a D'Agostino-Pearson test was used. Measurement data were presented as mean 6 standard deviation. To assess statistically significant differences between side-to-side comparisons, we evaluated the coefficient of variation (CoV) between the left and right sides. The overall CoV was also calculated for all of the structures between sessions. We estimated the intra-reader, inter-reader, and intraclass agreement for between-session and betweenside comparisons. The degree of consistency among measurements was calculated by the intraclass correlation coefficient. Inter-reader agreement (using the measurements of the first session) was calculated between the radiologists by the Cohen j test. Reliability coefficients were interpreted, respectively, as poor if less than 0.21, fair if between 0.21 and 0.4, moderate if between 
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Results
The 41 volunteers included 22 men and 19 women with a mean age 6 SD of 29.9 6 4.9 years (range, 24-50 years). Thirty-seven of the 41 participants were righthand dominant, and 4 were left-hand dominant. None of the volunteers had abnormal US findings of the very small clinically relevant anatomic structures of the wrist and hand. Therefore, all 41 volunteers were included in the analysis. According to the D'Agostino-Pearson test for a normal distribution, the obtained measurement data were not normally distributed (P > .001; Figure 6 ). Due to the ordinal nature or nonsymmetric distribution of the variables, the statistical analysis was based on nonparametric tests. Mean values, standard deviations and CoVs for the measurement data are reported in Table 2 . The mean value for all of the structures was 0.78 6 0.44 mm (range, 0.38-1.31 mm). The maximum CoV was 16.4% for the sagittal band of the third finger. The minimum CoV was 6.6% for the ulnar collateral ligament of the thumb. Overall, we found no significant side-to-side differences between left-and right-side measurements and between dominant and nondominant hands. We found no differences in the measurements using different commercially available equipment with highfrequency transducers.
According to the Cohen j test, the intra-and inter-reader agreement between the radiologists was considered very good (0.81-1). The inter-reader agreement was j 5 0.935 (95% confidence interval [CI], 0.92-0.95), and the SE was calculated as 0.008. The intra-reader agreement for the first radiologist was j 5 .674 (95% CI, 0.57-0.78), and the SE was 0.053. The intra-reader agreement for the second radiologist was j 5 0.710 (95% CI, 0.61-0.80), and the SE was 0.049. The overall CoV for all measurements between sessions was 9.8% 6 0.07%. The intraclass correlation coefficients reporting the values for single and average measurements were calculated for both radiologists (Table 3) .
Discussion
The aim of this study was to assess the reliability of sideto-side US of very small (<2-mm) clinically relevant musculoskeletal anatomic structures of the wrist and hand. Results showed low CoVs between the dominant and nondominant hands and between sessions, with very good intra-and inter-reader agreement. The submillimeter differences reported between the right and Figure 5 . Example of the nerves (palmar cutaneous branch of the median nerve and palmar cutaneous branch of the ulnar nerve). A, Schematic drawing illustrating the palmar cutaneous branch of the median nerve and the ulnar nerve with their branches. Darker gray indicates the regional area of skin supplied by the palmar cutaneous branch of the ulnar nerve; and lighter gray, the regional area of skin supplied by the palmar cutaneous branch of the median nerve. B, Transverse US image of the palmar cutaneous branch of the median nerve (circle) at its origin from the median nerve (MN). C, Transverse US image of the palmar cutaneous branch of the ulnar nerve (circle) at its origin from the ulnar nerve (UN). left sides revealed low intraindividual side-to-side variability. The reproducibility of all measurements suggests that the healthy contralateral side can be used as an internal control during a musculoskeletal US evaluation. These data are clinically relevant because, in daily practice, the healthy contralateral side is often used for comparison with the affected side. In the literature, few studies evaluated the reproducibility of side-to-side comparisons of musculoskeletal structures, also including peripheral nerves, but to the best of our knowledge, this work was the first study that compared very small (<2-mm) anatomic structures with potential clinical relevance, especially in radiologic and rheumatologic practice. [7] [8] [9] Many pathologic conditions such as systemic inflammatory (rheumatoid arthritis and psoriatic arthritis) and degenerative (osteoarthritis) disorders can involve the very complex anatomic site of the wrist and hand. In addition, sporting activities are also critical aspects of wrist and hand disorders. A large spectrum of pathologic conditions involves soft tissue structures. In recent years, improvements in transducer technology have led to a growing interest in US evaluations of the hand wrist. 1 In our study, we performed US examinations with different equipment but with similar measurement data. Indeed, US transducers with high frequencies (10-15 MHz) allow accurate assessments of tendons, nerves, and ligaments. In daily clinical practice, US allows a quick comparison with the normal contralateral side, which is used often as a reference that helps in the identification of subtle abnormalities.
In our study, the CoV was very low (7.1%) between side-to-side comparisons of nervous structures, the palmar cutaneous branch of the median nerve, and the palmar cutaneous branch of the ulnar nerve. These nerves can be well recognized by US, with their uniform appearance and without anisotropic properties. Another factor influencing the precision of the measurements is related to the possibility of having fixed bony landmarks and the transducer perfectly perpendicular to the nerve trunk. Pathologic conditions may alter the nerve diameter, and comparison with the contralateral side becomes very important in the diagnosis of disorders such as mononeuropathy. 7, 8 Higher CoVs were reported for ligamentous structures (extensor and flexor retinacula, pulleys, and sagittal band); these differences may have resulted from the capsular component of these structures and from the blurry boundary between very small structures, such as the pulley and the tightly connected subcutaneous fat. 10 For example, US is fundamental in the diagnosis of a tear in the sagittal band or rupture of the ulnar collateral The anteroposterior thickness was calculated for ligamentous and tendinous structures; the axial diameter was calculated for nerves.
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J Ultrasound Med 2018; 00:00-00ligament with possible displacement of the adductor pollicis aponeurosis (the so-called Stener lesion), which must be treated surgically. Ultrasound can guide therapeutic decisions: a markedly thickened pulley with tendon hypomobility and dyskinesis usually requires surgical release, whereas less evident thickening can be treated conservatively. 1 Our study had some limitations. First, we selected healthy volunteers without known symptomatic musculoskeletal or metabolic diseases affecting wrist and hand tissues and without a history of wrist and hand surgery or major trauma. The mean age may not be representative of the general population. Although we attempted to standardize image acquisition and measurement, the technique must be learned thoroughly and tailored to very small (<2-mm) anatomic structures of the wrist and hand, such as nerve branches. Another limitation was that all of the measurements were performed just by 2 radiologists. Finally, it is possible that some potential relevant structures were not evaluated; however, the data presented in this study could be valid for every structure smaller than 2 mm that is amenable to US evaluations. Among the strengths of this study, we analyzed different anatomic structures (ligamentous, nervous, and tendinous) that are generally checked during a US examination. In addition, to guarantee data reproducibility, we used different commercially available equipment with high-frequency transducers for assessment of superficial small structures. Values for intra-and inter-reader agreement were mainly good.
In conclusion, daily-practice US evaluations allow side-to-side comparison of very small clinically relevant musculoskeletal anatomic structures. The healthy contralateral side can be used as a reference or internal control. Changes of less than 2 mm were not clinically detectable with confidence. 
